We previously demonstrated that mesenchymal stem cells (MSCs) differentiate into functional kidney cells capable of urine and erythropoietin production, indicating that they may be used for kidney regeneration. However, the viability of MSCs from dialysis patients may be affected under uremic conditions. In this study, we isolated MSCs from the adipose tissues of end-stage kidney disease (ESKD) patients undergoing long-term dialysis (KD-MSCs; mean: 72.3 months) and from healthy controls (HC-MSCs) to compare their viability. KD-MSCs and HC-MSCs were assessed for their proliferation potential, senescence, and differentiation capacities into adipocytes, osteoblasts, and chondrocytes. Gene expression of stem cellspecific transcription factors was analyzed by PCR array and confirmed by western blot analysis at the protein level. No significant differences of proliferation potential, senescence, or differentiation capacity were observed between KD-MSCs and HC-MSCs. However, gene and protein expression of p300/CBP-associated factor (PCAF) was significantly suppressed in KD-MSCs. Because PCAF is a histone acetyltransferase that mediates regulation of hypoxia-inducible factor-1a (HIF-1a), we examined the hypoxic response in MSCs. HC-MSCs but not KD-MSCs showed upregulation of PCAF protein expression under hypoxia. Similarly, HIF-1a and vascular endothelial growth factor (VEGF) expression did not increase under hypoxia in KD-MSCs but did so in HC-MSCs. Additionally, a directed in vivo angiogenesis assay revealed a decrease in angiogenesis activation of KD-MSCs. In conclusion, long-term uremia leads to persistent and systematic downregulation of PCAF gene and protein expression and poor angiogenesis activation of MSCs from patients with ESKD. Furthermore, PCAF, HIF-1a, and VEGF expression were not upregulated by hypoxic stimulation of KD-MSCs. These results suggest that the hypoxic response may be blunted in MSCs from ESKD patients.
Introduction
The number of end-stage kidney disease (ESKD) patients is increasing worldwide [1] . Dialysis therapy for ESKD results in heavy physical and mental burdens, and associated annual medical expenses are very high [2] . Development of a treatment method that does not involve dialysis is therefore desirable to reduce expenses and increase the quality of life of patients. Kidney transplantation significantly prolongs the life expectancy of chronic kidney disease (CKD) patients [3] , [4] and is less expensive than dialysis, but there is a shortage of organs available for transplantation, and lifetime immunosuppressant therapy is required for patients [5] .
This critical shortage of organs has driven new technologies such as tissue engineering and regenerative medicine to achieve functional kidney replacement [5] , [6] . Our previous studies showed that a xenobiotic developmental process for growing xenoembryos allows exogenous human mesenchymal stem cells (MSCs) to undergo epithelial conversion and form a nephron that produces urine and erythropoietin [7] - [9] . These findings suggested that MSCs might be a cell source for future renal regeneration. Furthermore, MSCs are easy to obtain in large numbers and are not costly to establish [10] , [11] .
Previously, we used bone marrow-derived MSCs from healthy volunteers, although it is unclear whether these differ from MSCs from dialysis patients. This is because patients with terminal renal failure have been exposed to uremic toxins over long periods, which may affect the viability and regenerative capacity of MSCs, suggesting that they may be unsuitable for kidney regeneration. Similarly, some reports have suggested that the regenerative capacity of adult stem cells in patients with chronic renal failure is inferior to those in patients with normal renal function [12] , [13] . However, a recent report found that adipose tissue-derived MSCs (ASCs) of patients with renal disease have similar characteristics and functionality to those from healthy individuals in terms of their immunosuppressive capacities, and expression of pro-inflammatory and anti-inflammatory factors [14] . Despite these findings, the previous report did not analyze the expression of stemness genes in ASCs.
Previously, we evaluated the differentiation capabilities and gene expression profiles of bone marrow-derived MSCs and ASCs from normal rats and those with adenine-induced renal failure [15] . Although the uremic toxin has only a small effect on the gene expression and differentiation of MSCs, we used a rat model of CKD and the exposure time to the toxin was shorter than in human ESKD because of the short lifespan of the rat. Actual ESKD patients have a much longer duration of renal insufficiency.
In this study, to clarify the effect of long-term CKD on ASCs, we explored differences in the expression profiles of stemness and other important genes in ESKD patients (KD-MSCs) and healthy controls (HC-MSCs) using RT-PCR array analysis. We hypothesized that downregulation of p300/CBP-associated factor (PCAF) in the long-term uremic state might render KD-MSCs as an inappropriate cell source for kidney regenerative therapy.
Materials and Methods

Ethics Statement
This study was conducted according to the principles of the Declaration of Helsinki and approved by the Ethics Committee of The Jikei University School of Medicine. All donors provided written informed consent for collection of samples and subsequent analyses.
Isolation and Culture of Human MSCs
Patient characteristics are shown in Table 1 (glomerular filtration rate was calculated using the modification of diet in the renal disease study equation). Subcutaneous or mesenteric adipose tissue was surgically removed from ESKD patients (n = 9, mean age: 52.6 years; mean glomerular filtration rate: 4 ml/min/ 1.73 m 2 ) and healthy controls (n = 6, mean age: 56.2 years; mean glomerular filtration rate: 73.5 ml/min/1.73 m 2 ). All ESKD patients were undergoing dialysis (CKD stage 5D). Experiments were independently performed for each donor.
Tissues were placed in Hanks' balanced salt solution (Gibco Life Technologies, Grand Island, NY) with 100 IU/ml penicillin and 100 mg/ml streptomycin (Gibco Life Technologies). MSCs were isolated from the adipose tissues of all 15 participants by a previously described culture method [16] , [17] and used for KDMSCs (ESKD patients; n = 9) and HC-MSCs (healthy controls; n = 6). After mincing and washing with phosphate-buffered saline (PBS) (Gibco Life Technologies), the adipose tissues were enzymatically dissociated with 1 ml of 0.1% collagenase (type I) (Wako, Osaka, Japan) in PBS for 1 h at 37uC. The dissociated tissue was combined with 8 ml a-minimum essential medium (Gibco Life Technologies) supplemented with 20% fetal bovine serum (FBS) (Invitrogen, Carlsbad, CA) and then centrifuged at 300 g for 5 min at room temperature. After washing with PBS, the isolated adipose cells including MSCs were cultured in aminimum essential medium supplemented with 20% FBS to prevent the inclusion of serum from renal disease patients. MSCs of passage numbers 3-5 were analyzed after 14-28 days following isolation from adipose tissue.
Flow Cytometric Analysis of MSCs
The International Society for Cell Therapy previously suggested the following minimal criteria to define human MSCs [18] : 
Senescence-associated b-galactosidase (SA-b-gal) Staining and Cell Proliferation Assay
The senescence assay was performed using a senescence bgalactosidase staining kit (Cell Signaling Technologies, Danvers, MA) according to the manufacturer's instructions. Cells from passages 5, 8, and 10 were observed under a light microscope (Nikon, Tokyo, Japan) for blue coloration, and a minimum of 100 cells were counted in 10 random fields to determine the percentage of b-galactosidase-positive cells [19] , [20] .
Senescence-associated beta-heterochromatic foci (SAHF) analysis was performed by culturing cells and fixing them with 4% paraformaldehyde (Wako). After washing with PBS, cells were permeabilized with 0.2% Triton X-100 (Nacalai Tesque, Kyoto, Japan)/PBS for 10 min. DNA was visualized after DAPI (1 mg/ml) staining (Life Technologies) for 1 min, and washing twice with PBS as previously described [20] . DAPI-stained MSCs were observed under a light microscope (Nikon).
Proliferation rates of MSCs were determined by counting cell numbers and calculating population doubling (PD). Cells were cultured in 60-mm tissue culture dishes at 2610 4 cells/dish. At confluency, they were trypsinized and counted by a cell counter (Luna automated cell counter; Logos Biosystems, Gyunggi, Korea). At passages 5-10, PD was determined by the formula: (2) where NI is the initial cell number and NH is the cell number at harvest [21] . The cumulative PD level was the sum of PDs in culture. The mean and SD were calculated from three independent experiments. Statistical analysis was carried out using a t-test. P-values of less than 0.05 were considered significant. All senescence assay measurements were performed in duplicate.
Induction of Adipogenesis, Osteogenesis, and Chondrogenesis
Passage 3-5 MSCs were trypsinized and re-seeded in induction medium with various hMSC differentiation Kits (Poietics human mesenchymal stem cells; Lonza, Walkersville, MD) for adipogenic, osteogenic, or chondrogenic induction. MSCs were maintained in culture according to the manufacturer's protocols.
Detection of Adipogenesis and Osteogenesis
Adipogenic and osteogenic differentiation of MSCs were evaluated by measuring glycerol-3-phosphate dehydrogenase (GPDH) and alkaline phosphatase (ALP) activity, respectively. The GPDH assay kit (MK426) was obtained from Takara Bio (Shiga, Japan), and the ALP assay kit was from Wako. Assay plates were analyzed using a microplate reader (SH-1000; Hitachi HighTechnologies, Tokyo, Japan). GDPH and ALP activities were normalized to the protein concentration determined by a DC protein assay kit (Bio-Rad, Hercules, CA).
Histopathological Examination
Adipocytes differentiated from MSCs were stained with Sudan III. Osteoblasts differentiated from MSCs were stained by the von Kossa method. Chondrocytes differentiated from MSCs were stained with Safranin O, Fast green, and Toluidine blue using a Cartilage Staining Kit (Takara Bio). The cells were photographed under a microscope.
RT-PCR Array Analysis
Gene expression profiles of stem cell-specific transcription factors of MSCs at passages 3-5 were analyzed by RT-PCR Array (PAHS-082ZA; Qiagen, Hilden, Germany) in accordance with the manufacturer's recommendations of 84 key genes and five housekeeping genes (Table 2) . Briefly, total RNA was extracted using an RNeasy Mini Kit (Qiagen), and 1 mg total RNA was used to generate cDNA (First Strand Kit, Qiagen). Real-time PCR was performed using an ABI 7300 Real-time PCR System (Applied Biosystems, Foster City, CA) with RT2 SYBR Green qPCR Master mix (Qiagen) and a Human Mesenchymal Stem Cell PCR Array (Qiagen) according to the manufacturer's instructions. Briefly, the cDNA was diluted and mixed with an equal amount of SYBR Green Master mix, which was previously aliquoted (25 ml) into each well of a 96-well PCR array plate containing predispensed gene-specific primer sets. PCR was then performed according to the manufacturer's instructions. The thermal cycling conditions were: 95uC for 10 min, followed by 45 cycles of 95uC for 15 s then 56uC for 1 min. Data (fold changes in C t values of all genes) were analyzed using Qiagen software. P-values were calculated based on the Student's t-test of replicate 2 ' (2DCt) values for each gene in control and treatment groups.
Quantitative RT-PCR Analysis of PCAF Expression
Total RNA was extracted using an RNeasy Mini Kit, and cDNA was synthesized using a RT2 First Strand Kit (Qiagen). An RT2 qPCR Primer Assay (Cat. No: PPH02176F; Qiagen) was used to analyze PCAF expression. PCR was performed using the ABI 7300 Real-time PCR System and RT2 SYBER Green Master Mix. All samples were tested in duplicate. Dissociation curves were analyzed after each reaction to assess quantification specificity. All samples were normalized to b-actin expression using the relative standard curve method.
Western Blot Analysis
Protein samples for western blot analysis were prepared as described previously [22] . Briefly, MSCs (passages 3-5) were washed three times with ice-cold PBS and then treated with lysis buffer (50 mM Tris-HCl, pH 7.5, containing 2% SDS (SigmaAldrich) and a protease inhibitor cocktail (Roche, Mannheim, Germany). Samples were centrifuged for 1 h at 18,0006 g at 4uC. The supernatants were collected as whole cell lysates. Protein concentrations were estimated using a DC protein assay (Bio-Rad) with a bovine serum albumin standard. Equal amounts of proteins (10 mg) were resolved by SDS-polyacrylamide gel electrophoresis on 4-20% acrylamide gradient gels (Bio-Rad) and then transferred onto a polyvinylidene fluoride microporous membrane (Millipore, Billerica, MA). The membranes were blocked with a blocking reagent (Toyobo, Tokyo, Japan) and then incubated with each primary antibody. The primary antibodies used were: rabbit anti-PCAF, rabbit anti-HIF-1a (Cell Signaling Technology), rabbit anti-VEGF (Santa Cruz Biotechnology, Santa Cruz, CA) and rabbit anti-b-actin (Cell Signaling Technology). After washing, the membranes were incubated with a peroxidase-labeled secondary antibody (Nichirei, Tokyo, Japan) and visualized using Immunostar LD (Wako). Images were captured digitally using a ChemiDoc XRS+ (Bio-Rad) and analyzed by Image Lab 2.0.1 software (BioRad).
PCAF, HIF-1a, and VEGF Expression under Hypoxia
Because PCAF acetylates HIF-1a under hypoxic conditions and modulates the activity and protein stability of HIF-1a [22] , we investigated the effect of hypoxia on HIF-1a expression in HCMSCs and KD-MSCs. Quantitative RT-PCR and western blotting were used to analyze PCAF, HIF-1a, and VEGF expression in HC-MSCs and KD-MSCs at 24 h under normoxia and hypoxia (1% O 2 ).
Statistical Analysis
Experiments were performed using independently isolated MSCs from all 15 participants. All data are presented as means 6 SE. Data were analyzed using the (two-tailed) paired t-test or unpaired t-test. Statistical significance was defined as P,0.05. Experimental data were analyzed using GraphPad Prism version 5.0 software (Graphpad Software, San Diego, CA) and Microsoft Excel (Microsoft, Redmond, WA).
Directed In Vivo Angiogenesis Assay
A directed in vivo angiogenesis assay (DIVAA; Trevigen, Gaithersburg, MD) was performed according to the manufacturer's protocol. Briefly, implant-grade silicone cylinders closed at one end (angioreactors) were filled with 18 ml Trevigen's basement membrane extract (Trevigen) with 37.5 ng VEGF and 12.5 ng basic fibroblast growth factor (bFGF; positive control, n = 8), PBS (negative control, n = 8), or 1610 6 HC/KD-MSCs in serum-free aMEM (n = 8). MSCs were selected from one cell line each of HCMSCs and KD-MSCs at passage 3. The angioreactors were implanted subcutaneously into 8-week-old nude mice (Sankyo Laboratory Service, Tokyo, Japan). At 9 days after implantation, the mice were sacrificed and the angioreactors were removed, photographed, and stained with FITC-labeled lectin as an endothelial cell-selective reagent [23] to quantify the invasion of endothelial cells into the angioreactors [24] . Fluorescence was measured in 96-well black plates (Thermo Fisher Scientific, Roskilde, Denmark) using an ARVO MX model spectrofluorometer (485 nm excitation and 510 nm emission; Perkin Elmer, Boston, MA). The mean relative fluorescence 6 S.E. were determined for triplicate assays. Statistical analysis (Unpaired ttest) was performed using GraphPad Prism version 5.0 software (Graphpad Software, San Diego, CA).
Results
MSC Isolation
MSCs were successfully isolated from all six healthy controls (HC-MSCs) and nine ESKD patients (KD-MSCs). MSC donor characteristics are depicted in Table 1 . All ESKD patients had received standard dialysis therapy for renal insufficiency. Additionally used medications are listed in Table 1 .
Characterization of MSCs
HC-MSCs and KD-MSCs cultured in standard culture medium showed a similar spindle-shaped morphology ( Figure 1A) . Surface markers of all the established MSC lines were characterized by flow cytometric analysis. Both HC-MSCs and KD-MSCs were positive for CD73, CD90, and CD105, and negative for CD14, CD31, CD34, and CD45. MSC surface markers CD73, CD105, and CD90 were expressed in .95% of cell populations ( Figure 1B) , and CD14, CD31, CD34, and CD45 were expressed in ,2% of cell populations ( Figure 1B) . No differences were found in the immunophenotypes of cultured HC-MSCs and KD-MSCs ( Figure 1C) . Histopathological examination by Sudan III, von Kossa, Safranin O, and Fast green staining was performed to identify adipogenic, osteogenic, and chondrogenic lineages, respectively (Figure 2A ). We also found no significant differences in GPDH (n = 5 for KD-MSCs and HC-MSCs) or ALP (n = 5 for KD-MSCs and HC-MSCs) activities, representing adipogenic and osteogenic differentiation, respectively, in HC-MSCs and KD-MSCs ( Figure 2B and 2C) .
MSC Senescence and Proliferation
MSCs possess a limited lifespan during in vitro culture because they undergo senescence [19] , characterized by cell cycle arrest, telomere shortening, and altered morphology. To assess the percentage of cells undergoing senescence, we used SA-b-gal as a senescence marker. The percentages of b-galactosidase-positive cells increased from passage 5 to 10, but there was no significant difference in b-galactosidase positivity in HC-MSCs (n = 4) and KD-MSCs (n = 4) at passages 5, 8, and 10 ( Figure 3A and 3B) . These results suggest that there was no significant difference in the proliferation or senescence of HC-MSCs and KD-MSCs.
A second senescence assay determined the formation of SAHF, which are visible as microscopically discernible, punctate DNA foci in DAPI-stained senescent cells [25] . As shown in Figure 3A (right columns), late passage (P10) MSCs showed punctuated DNA foci, while early passage (P5) MSCs displayed several small nucleoli and a more uniform DAPI staining pattern. We observed a similar formation of SAHF between HC-MSCs and KD-MSCs in early and late passages.
The proliferation potentials of HC-MSCs and KD-MSCs were evaluated over six passages and PD levels were measured from passage 5-10. HC-MSCs and KD-MSCs displayed similar cumulative PDs with a peak of 10.8961.52 and 10.7161.26, respectively, at passage 10 (P,0.05 versus controls) ( Figure 3C ). Cell proliferation rates of HC-MSCs (n = 5) and KD-MSCs (n = 5) showed no significant difference.
RT-PCR Array Analysis of MSCs
Quantitative RT-PCR array analysis profiled the expression of 84 key genes, including those involved in stemness and selfrenewal of MSCs (Table 2) , and revealed distinct expression patterns in HC-MSCs (n = 6) and KD-MSCs (n = 9). Compared with HC-MSCs, we found significantly lower expression of PCAF, BMP4, and PIGS (fold differences: 0.73, 0.42, and 0.72, respectively) in KD-MSCs ( Figure 4A , Table 2 ), suggesting a functional difference in HC-MSCs and KD-MSCs. There were no significant differences in expression of the other 81 genes ( Table 2) .
Quantitative RT-PCR and Western Blot Analyses of MSCs
Quantitative RT-PCR was performed to verify the downregulation of PCAF expression in KD-MSCs, and confirmed that PCAF expression levels were significantly downregulated in KD-MSCs (n = 6, * P,0.05, Figure 4B ). Similarly, PCAF protein expression was significantly decreased in KD-MSCs (n = 9) compared with HC-MSCs (n = 6) as shown by western blotting ( * P,0.05, Figure 4C ).
Downregulation of PCAF, HIF-1a, and VEGF Gene and Protein Expression in KD-MSCs Cultured under Hypoxic Conditions
We hypothesized that PCAF in human MSCs would be upregulated under hypoxia, so investigated the gene and protein expression of PCAF, HIF-1a, and the downstream factor VEGF in HC-MSCs and KD-MSCs under normoxia (21% O 2 ) and hypoxia (1% O 2 ) at 24 h. PCAF protein expression was significantly upregulated under hypoxia (1% O 2 , 24 h) in HC-MSCs (n = 6, P, 0.05, Figure 5A , 5B), but this was not observed in KD-MSCs (n = 9, P,0.05, Figure 5A , 5B). Similarly, HIF-1a expression was significantly upregulated under hypoxia in HC-MSCs (n = 6, P, 0.05, Figure 5C ), but not in KD-MSCs (n = 9, P,0.05, Figure 5C ). Furthermore, the enhancement of VEGF expression under hypoxic conditions, which is regulated by HIF-1a [26] , was significantly decreased in KD-MSCs under hypoxia (n = 9, P,0.05 Figure 5D ). We demonstrated that KD-MSCs did not upregulate the protein expression of PCAF, HIF-1a, or VEGF under hypoxia, suggesting that the hypoxic response might be blunted in KD-MSCs.
DIVAA of MSCs
Because a previous study has proposed that PCAF is a key regulator of angiogenesis [27] , we tested angiogenesis activation of HC-MSCs and KD-MSCs in vivo. A DIVAA assesses angiogenesis activation, which provides quantitative and reproducible results [28] . The results showed significant blood vessel growth into angioreactors containing HC-MSCs, which was similar to that seen in positive controls (VEGF/bFGF). However, we observed only slight growth into angioreactors containing KD-MSCs (Fig. 6,  lower panel) . Thus, HC-MSCs showed better angiogenesis activation than that of KD-MSCs.
Furthermore, measurement of FITC-lectin bound to the endothelial contents of angioreactors supported these findings and demonstrated reduced fluorescence in angioreactors containing KD-MSCs compared with the strong fluorescence seen in angioreactors containing HC-MSCs (Fig. 6, bar graph) . These results support the notion that KD-MSCs with low expression of PCAF exhibit lower angiogenesis activation than that of HCMSCs.
Discussion
Stem cells from patients with ESKD are needed for kidney regeneration, but it is not yet known if stem cells exposed to longterm uremic conditions will function normally. To explore whether the acquired disease environment causes long-term changes and influences the cell environment, we compared MSCs from ESKD patients and those with normal kidney function by RT-PCR array. After culturing KD-MSCs under normal condi- tions for 2-3 weeks, PCAF, PIGS, and BMP4 expression was shown to differ significantly between HC-MSCs and KD-MSCs.
PCAF plays a role in the regulation of differentiation, angiogenesis, cell cycle progression, and gluconeogenesis [27] , [29] , [30] , and is one of the many factors involved in epigenetics [31] . However, the mechanisms behind its actions have not yet been elucidated, particularly its role in angiogenesis. A previous study of PCAF 2/2 mice indicated that PCAF acts as a master switch for effective arteriogenesis [27] , while another report demonstrated a role for PCAF in angiogenic tubule formation because human umbilical vein endothelial cells transfected with PCAF siRNA showed a significant reduction of angiogenic tubule formation [32] .
A previous study used proteomics to show that PCAF was upregulated under hypoxia in the rat kidney fibroblast NRK-49F cell line [33] . Additionally, PCAF acetylates HIF-1a under hypoxic conditions, which fine tunes its transcriptional activity, increases its protein stability, and causes modulation of cellular responses [20] , [33] - [35] . HIF-1a is known to be a key regulator of angiogenesis and controls the expression of multiple angiogenic factors including VEGF [26] , [36] .
Interestingly, we found that PCAF expression under hypoxia was increased in HC-MSCs ( Figure 5A and 5B), but not KDMSCs in the present study. Previously, studies in other animal cell types have suggested that PCAF is upregulated under hypoxia [37] , but no investigations have been carried out into the hypoxic response and the influence of long-term uremic conditions on PCAF in human MSCs. Because PCAF is a facilitator for HIF-1a and VEGF [29] , [38] , we investigated the hypoxic responses of HIF-1a and VEGF by western blotting and detected low levels of HIF-1a and VEGF protein expression in KD-MSCs under hypoxic conditions ( Figure 5C and 5D) . Consequently, it appears that the hypoxic response is significantly blunted in KD-MSCs with low PCAF expression, but not in HC-MSCs.
A previous report found that uremic conditions decreased HIF1a and VEGF expression under hypoxia in mice [13] . However, this study did not refer to PCAF, and it was thought that Akt phosphorylation might underlie abnormal cell survival and the angiogenic functions of MSCs in uremia. Uremia is an illness accompanying kidney failure that cannot be explained by alteration of the extracellular volume, inorganic ion concentrations, or lack of known renal synthetic products [39] . The precise mechanisms have yet to be identified for uremia and hypoxia, but the finding that KD-MSCs show downregulation of PCAF expression, poor angiogenesis activation in vivo, and blunting of Kidney development is associated with coordinated branching of the renal tubular and vascular systems, and hypoxia has been proposed as a major regulatory factor in this process [40] . We have developed a regeneration method involving transplantation of a metanephros into the omentum to attract the host veins into the graft and generate urine in hypoxic tissues [7] - [9] . Because angiogenesis and hypoxia might play a role in kidney regeneration, it is important to investigate the hypoxic responses of PCAF, HIF1a, and VEGF in KD-MSCs and HC-MSCs. Furthermore, PCAF is a member of the histone acetyltransferases (HATs). HATs promote an open chromatin configuration and transcriptional activation. Epigenetic modifications by HATs and histone deacetylases (HDACs) have a direct effect on gene regulation, cell differentiation, and cellular stability during renal development [41] . In fact, even though the role of HDACs is well studied [42] , little is known about the role of HATs during metanephric kidney development [41] .
There are currently no available assays to directly test for PCAF activity, so we cannot exclude histone acetyltransferase activity as an underlying mechanism for the effect of PCAF. Our data suggest that, within the context of the hypoxic response, it is more likely that PCAF functions as a transcriptional coactivator to regulate HIF-1a expression. The involvement of global gene expression and epigenetic effects is also unclear and should be investigated further. While it would be useful to demonstrate the regeneration of kidney tissue from KD-MSCs using our previous methods [7] - [9] , and directly compare the differences between KD-MSCs and HC-MSCs, this technique is very difficult. The cell transplantation efficiency has a 3% success rate and only about 30% of transplantations generate a neo-kidney. Thus, we did not apply this method in the current study because of its very low success rate.
In conclusion, we demonstrated differences in the gene and protein expression of MSCs from ESKD patients and healthy individuals using a PCR array and western blot analysis. We found that long-term uremic conditions led to persistent and systematic HC-MSCs. There was no change in PCAF in KD-MSCs under hypoxia. Data are the mean 6 SE (HC-MSCs n = 6, KD-MSCs n = 9; * P,0.05 versus normoxia, two-tailed, paired t-test). (C) Western blot analysis of HIF-1a expression in KD-MSCs (n = 9) and HC-MSCs (n = 6) under normoxia and hypoxia. Data are the mean 6 SE.
* P,0.05 versus normoxia (two-tailed, unpaired t-test). (D) Western blot analysis of VEGF expression in KD-MSCs (n = 9) and HC-MSCs (n = 6) under normoxia and hypoxia. Data are the mean 6 SE.
* P,0.05 versus normoxia (two-tailed, unpaired t-test downregulation of in vitro gene and protein expression of PCAF and poor in vivo angiogenesis activation of MSCs from patients with ESKD. Furthermore, we demonstrated that the hypoxic responses of PCAF, HIF-1a, and VEGF were significantly blunted in MSCs from ESKD patients. We propose that the transcriptional regulation by low levels of PCAF might be inappropriately controlled by environmental factors representing long-term ESKD. Low expression of PCAF induced by long-term ESKD may lead to downregulation of HIF-1a and VEGF in KD-MSCs under hypoxia. These findings should help to elucidate the mechanisms of the effects of uremic toxins. Further studies are needed to clarify the relationship of CKD and the downregulation of PCAF. Moreover, based on our study, the role of PCAF may be investigated further in epigenetic mechanisms during kidney development.
